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[57] ABSTRACT 
A leapfrog ?lter comprises a ?rst integrator made up of 
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a ?rst operational ampli?er and a ?rst capacitor con 
nected to output terminal of the ?rst operational ampli 
?er; a second integrator made up of a second opera 
tional ampli?er and a second capacitor connected to 
inverting input terminal and output terminal of the sec 
ond operational ampli?er; and a variable current source . 
circuit. The ?rst operational ampli?er has the output 
terminal thereof connected to non-inverting input ter 
minal of the second operational ampli?er. The second 
operational ampli?er has the output terminal thereof 
connected to inverting input terminal of the ?rst opera 
tional ampli?er. An input terminal is connected to non 
inverting input terminal of the ?rst operational ampli 
?er; and output terminal connected to the output termi 
nal of the second operational ampli?er. The variable 
current source circuit is arranged such that bias currents 
supplied to the ?rst and second operational ampli?ers 
are controlled so as to change mutual conductances of 
the ?rst and ?rst operational ampli?ers, thereby adjust 
ing pass band width of the filter while at the same time 
restraining occurrence of in-band ripple. 
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LEAPFROG FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to leapfrog ?lter, and more 

particularly it pertains to such a ?lter which is so de 
signed as to be easy to adjust the pass band width 
thereof and less likely to produce in-band ripple. 

2. Description of the Prior Art 
Referring to FIG. 1, description will ?rst be made of 

an example of conventional active ?lter, which is con 
structed in the form of biquad circuit constituting a 
low-pass ?lter. The transfer function T(S) of a common 
low-pass ?lter is given as follows: 

if! (002 (I) 
m) _ s2 + (‘no/Q): + woz 

where (no is angular frequency; s is complex variable; Q 
is quality factor; and H is gain factor. 
The relationship between input and output voltages 

V1 and V; of the biquad circuit can be expressed in the 
form of transfer function T(S) as follows: 

(2) 

-1/R3o R40 C10 C20 
:2 + (l/Rio C10) 5 + l/Rzo R40 C10 C20 

Assuming that the factor of each term Equation (1) 
and that in Equation (2) are equal to each other, the 
angular frequency too is given as follows: 

(902: 1/1220 R40 C10 C20 

Further, since the angular frequency wo is given as 
w0=21rF0, the center frequency f0 can be expressed as 
follows: 

fo= trhv R20 R40 ClO C20 (3) 

Still further, from the Equations (1) and (2), the qual 
ity factor can be expressed as follows:' 

Q= V R102 Clo/R20 R40 C20 (4) 

As will be seen from Equation (3), it is required that 
circuit constants such as resistors R20 and R40 or capaci 
tors C10 and Czobe made variable in an attempt to make 
variable the center frequency f(;. Thus, to make variable 
the center frequency fo, the conventional biquad circuit 
requires externally mounted components such as the 
resistors R20 and R40 or capacitors C10 and C20 which 
are unsuitable for semiconductor integrated circuit fab 
rication. With the conventional biquad circuit, it is re 
quired that constants such as resistors R10 and R20 or 
capacitors C10 and C20 be changed when it is attempted 
to provide the desired center frequency f(). As will be 
noted from Equation (4), however, the quality factor Q 
is also changed by adjusting the externally mounted 
components, and this requires that the other circuit 
constants be also changed. 

Furthermore, the conventional active ?lter such as 
shown in FIG. 1 is disadvantageous in that the manufac 
turing cost is high because a number of electronic com 
ponents are mounted onto a printed circuit board. An 
other disadvantage is such that when it is attempted to 

15 

25 

30 

35 

2 
adjust the center frequency f0 of the ?lter, it is required 
that such adjustment be effected with components hav 
ing the circuit constants thereof set at predetermined 
values being mounted on the printed circuit board, and 
this inevitably increases the number of steps for band 
width adjustment and assembling of the ?lter. 

SUMMARY OF THE INVENTION 

The present invention has been made with a view to 
obviating the aforementioned drawbacks of the prior 
art. Accordingly, it is a primary object of the present 
invention to provide a leapfrog ?lter which is so de 
signed to be easier to adjust the center frequency f0 and 
set up the pass band width. 
Another object of the present invention is to provide 

a leapfrog ?lter which is designed so that in-band ripple 
is less likely to occur when adjustment of the pass band 
width is effected. 

Still another object of the present invention is to 
provide a leapfrog ?lter which is so designed as to have 
the number of components reduced and to be well 
adapted for fabrication in the form of semiconductor 
integrated circuit. 

Brie?y stated, according to an aspect of the present 
invention, there is provided a leapfrog ?lter .which 
comprises a ?rst integrator made up of a ?rst opera 
tional ampli?er and a capacitor connected to output 
terminal of the ?rst operational ampli?er; a second 
integrator made up of a second operational ampli?er 
and a second capacitor connected to inverting input 
terminal and output terminal of the second operational 
ampli?er; and a variable current source circuit. The ?rst 
operational ampli?er has the output terminal thereof 
connected to non-inverting input terminal of the second 
operational ampli?er. The second operational ampli?er 
has the output terminal thereof connected to inverting 
input terminal of the ?rst operational ampli?er. An 
input terminal is connected to non-inverting input ter 
minal of the ?rst operational ampli?er; and output ter 
minal connected to the output terminal of the second 
operational ampli?er. The variable current source cir 

‘ cuit is arranged such that bias currents supplied to the 

45 
?rst and second operational ampli?ers are controlled so 
as to change mutual conductances of the ?rst and ?rst 
operational ampli?ers, thereby adjusting pass band 
width of the ?lter while the same time restraining oc 
currence of in-band ripple. 

Other objects, features and advantages of the present 
invention will become apparent from the ensuing de 
scription taken in conjunction with the accompanying 
drawings. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing a biquad circuit 
constituting an example of conventional active ?lter. 

60 
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FIG. 2 is a circuit diagram showing the leapfrog ?lter 
‘according to an embodiment of the present invention. 

FIG. 3 is a circuit diagram showing the leapfrog ?lter 
according to another embodiment of the present inveni 
tion. 
FIG. 4 illustrates the frequency characteristics of the 

embodiment shown in FIG. 2. 
FIG. 5 illustrates the frequency characteristics of the 

embodiment shown in FIG. 3. 
FIG. 6 is a circuit diagram showing a more practical 

version of the arrangement of FIG. 3. 
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FIG. 7 shows an equivalent circuit of a secondary 
low-pass ?lter. 
FIG. 8 is a feedback diagram of the secondary low 

pass ?lter. 
FIG. 9 illustrates the relationship between a variable 

current iwand current i1, i2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 2 of the accompanying drawings, 
there is shown the leapfrog ?lter according to an em 
bodiment, wherein an input terminal 1 is connected to 
non-inverting terminal of an operational ampli?er A], 
the output terminal of which is coupled to a capacitor 
C1, and also to non-inverting terminal of another opera 
tional ampli?er A2. Inverting terminal of the opera 
tional ampli?er A1 is connected to the output terminal 
and inverting terminal of the operational ampli?er A2, 
and also to a capacitor C2 and an output terminal 2. The 
operational ampli?er A1, together with the capacitor 
C1 connected to the output terminal thereof, constitutes 
an integrator 3; and the operational ampli?er A2 also, 
together with the capacitor C2 coupled to the output 
terminal thereof, constitutes an integrator 4. The inte 
grator 4 is of a self negative feedback type wherein the 
inverting input terminal of the operational ampli?er A2 
is connected to the output terminal thereof. The inte 
grator 3 has its output ‘terminal coupled to the non 
inverting input terminal of the operational ampli?er A2, 
the output terminal of which in turn is connected to the 
inverting input terminal of the operational ampli?er A1, 
so that negative feedback is applied thereto. In this way, 
a secondary low-pass ?lter is formed. 
A variable current source circuit 7 is arranged to 

supply currents i1 and i; to the operational ampli?ers A1 
and A; as bias currents respectively through current 
source circuits 5 and 6 each of which comprises a cur 
rent-mirror circuit. The variable current source circuit 
7 comprises transistors Q1 and Q2 which are biased with 
forward voltage of a diode D1, to which a current iwis 
supplied from a variable current source circuit I1; and 
the current source circuits 5 and 6 connected to the 
collectors of the transistors Q1 and Q2 respectively. The 
current source circuit 5 comprises a current-mirror 
circuit which is constituted by a diode D2 and transistor 
Q9, and the current source circuit 6 also comprises a 
current~mirror circuit which is formed by a diode D3 
and transistor Q10. 
With such a leapfrog ?lter, collector currents i1 and 

_ i; of the transistors Q1 and Q; are drawn in through the 
current source circuits 5 and 6 so that the currents i1 and 
i3, i.e., mirror currents corresponding to variations in 
the variable current iw are supplied from the transistors 
Q9 and Q10 provided at the output stage of the current 
source circuits 5 and 6 to the operational ampli?ers A1 
and A; respectively. The relationship between the vari 
able current iwand the currents i1, i2 is shown at (a) in 
FIG. 9. 
The ?lter characteristics of the embodiment shown in 

FIG. 2, are illustrated in FIG. 4, wherein the abscissa 
indicates frequency, and the ordinate represents attenu 
ation. As the variable current iwis increased, the cur 
rents i1 and i2 supplied to the operational ampli?ers A1 
and A; through the current source circuits 5 and 6 _re 
spectively are also increased. In such a case, the fre 
quency characteristics of the ?lter is changed as indi 
cated at (a), (b) and (c) in' FIG. 4, from which it will be 
noted that the center frequency f() is changed toward 
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4 
higher values f0], f0; so that the pass band width is in 
creased. Disadvantageously, however, as the variable 
current iwis increased, the quality factor Q will also be 
changed due to element sensitivity variations which 
tend to result from deterioration in the high-frequency 
characteristics of elements constituting the leapfrog 
?lter. Such variations in the in-band characteristic of 
the ?lter will increase in-band ripple such as shown in 
FIG. :4. For the case where flat frequency characteristic 
is required, such a problem of in-band ripple can be 
most effectively coped with by means of such an ar 
rangement as shown in FIG. 3. . 
FIG. 3 shows the leapfrog ?lter according to a sec 

ond embodiment of the present invention, which is 
different from the embodiment of FIG. 2 in respect of 
variable current source circuit 7. In this embodiment, 
the variable current source circuit 7 includes transistors 
Q1 , Q2 and Q3 each having its base connected to the 
anode of a diode D1 to which a current iwis supplied 
from a variable current source I1. The transistor Q1 has 
its collector connected to the emitter of a transistor Q4 
which has its collector coupled to the cathode of a 
diode D2 and to the base of a transistor Q9. The current 
i; is supplied to the operational ampli?er A1 through the 
transistor Q9. The collector of the transistor Q; is con 
nected to the emitter of the transistor Q5, and the collec 
tor of the transistor Q5 is coupled to the cathode of a 
diode D3, and to base of the transistor Q10. The current 
i; is supplied to the operational ampli?er A; through the 
transistor Q10. Further, a resistor R1 is connected be 
tween the collectors of the transistors Q1 and Q2. The 
collector of the transistor Q3 is connected to the base of 
the transistor Q4, the collector of transistor Q6, and one 
end of a resistor R3. Transistors Q6 to Q3 have their 
bases coupled to the cathode of a diode D8, and to a 
constant current source circuit I3. A resistor R5 is con 
nected at one end to the emitter of the transistor Q3, the 
other end of the resistor R5 being coupled to a voltage 
source B. The collector of the transistor Q5 is connected 
to the emitter of the transistor Q3 and resistor R1. The 
collector of the transistor Q7 is connected to the base of 
the transistor Q5 and resistor R4. The resistors R2 to R4 
are grounded at the other ends. As in the embodiment 
shown in FIG. 2, the current source circuit 5 comprises 
a current mirror circuit constituted by the diode D2 and 
transistor Q9, and the current source circuit 6 comprises 
a current mirror circuit formed by the diode D3 and 
transistor Q10. Currents i1 and izpare supplied to the 
operational ampli?ers A1 and A; through these current 
source circuits 5 and 6 so that the mutual conductance 
of each of these operational ampli?ers A1 and A2 is 
adjusted. ' 

With the embodiment of FIG. 3, variable current iw 
derived from the variable current source circuit I1 is 
supplied to the diode D1 so that the transistors Q1 to Q3 
are biased. Meanwhile, constant current in is being 
drawn in by the constant current source circuit from the 

. diode D3 and transistors Q6 to Q3, so that the transistors 
Q6 to Q3 are biased with the forward voltage of the 
diode D8. Current in’ is supplied to the resistor R2 
through the transistor Q3, and the voltage across the 
resistor R2 and the forward voltage of the diode D1 are 
compared with each other by means of the transistor 
Q3. If the forward voltage of the diode D1 is lower than 
the voltage across the resistor R2, then the transistor Q3 
is turned off so that current i0 is supplied to resistors R3 
and R4through the transistors Q6 and Q7 respectively so 
that the transistor Q4 and'Q5 are biased with equal termi 
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na] voltages occurring across the resistors R3 and R4 
respectively; and collector currents i1 and i; are drawn 
in from the current source circuits 5 and 6 so that the 
equal currents i1 and i; are supplied to the operational 
ampli?ers A1 and A; through the transistors Q9 and Q10 
at the output stages of the current source circuits 5 and 
6 respectively. 
By increasing the current lwprovided by the variable 

current source circuit I], the forward voltage of the 
diode D1 is caused to build up; and when the forward 
voltage becomes higher than the terminal voltage of the 
resistor R2, the transistor Q3 is rendered operative so 
that collector current i6 is caused to flow. At the same 
time, collector currents icl and icz of the transistors Q1 
and Q; are also increased. Current i0 supplied from the 
transistor Q6 to the resister R3 is lower by the amount of 
the collector current i¢3 than current i0 supplied from 
the transistor Q7 to the resistor R4; thus, base current 
in of the transistor Q4 is decreased. For the increase in 
the variable current iw, currents i1 and i2 depending on 
base currents i191 and in of the transistors Q4 and Q5 are 
supplied to the operational ampli?ers A1 and A; 
through the current source circuits 5 and 6 respectively. 

Referring to FIG. 9, there is illustrated the relation 
ship between the variable current iw and the currents i1, 
i1, wherein the abscissa indicates the value of the vari 
able current iw, and the ordinate represents the values 
of the bias currents i1, i2. In FIG. 9, the operational 
characteristic of the embodiment shown in FIG. 3 is 
shown at (a). From FIG. 9, it will be noted that the 
variable current source circuit 7 provided in the em 
bodiment of FIG. 3, the current i1 supplied to the opera 
tional ampli?er A; is controlled so that its increasing 
rate is restrained with respect to the current i; supplied 
to the operational ampli?er A2. Thus, it is possible to 
change the center frequency f0 by controlling the cur 
rents i1, i; with respect to variations in the variable 
current iw. In this way, the ?lter characteristic of this 
embodiment can be made to be such a ?at one as shown 
in FIG. 5 wherein by increasing the current iw, the 
center frequency f0 is changed to a higher frequency 
such as fol, foz so that the pass band width is expanded 
and occurrence of ripple is restrained. 
FIG. 6 illustrates a more practical version of the 

leapfrog ?lter according to the embodiment shown in 
FIG. 2. In FIG. 6, an operational ampli?er A1 com 
prises a differential pair of transistors Q12 and Q13 hav 
ing their collectors connected to the collectors of tran¢ 
sistors Q14 and Q15 which constitute a current-mirror 
circuit. The emitters of the transistors Q12 and Q13, 
which are connected together, are connected to the 
collector of a transistor Q11, the emitter of which is 
coupled to a power source voltage B. The transistors 
Q11 and Q13 have their bases connected to the cathodes 
of diodes D4 and D5, the anodes of which are connected 
together and to a current source comprising a diode or 
the like. Further, the bases of the transistors Q12 and 
Q13 are coupled to the collectors of transistors Q16 and 
Q17 respectively; a resistor Rmis connected between the 
emitters of the transistors Q16 and Q17; and the emitters 
of the transistors Q16 and Q17 are grounded through the 
current source. A capacitor C1 is connected to the inter 

_ connected collectors of the transistors Q12 and Q14; and 
the operational ampli?er A1, together with the capaci 
tor C1, constitutes an integrating circuit 3 which in turn 
is connected to the base of a transistor Q23 provided in 
a succeeding operational ampli?er A2. The transistor 
Q11 is connected with diode D1 so as to constitute a 
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6 
current-mirror circuit, and the connection is made such 
that the current i1 is supplied to the operational ampli 
?er A1. 
The operational ampli?er A2 comprises Q19 and Q20 

having their collectors connected to the collectors of 
transistors Q21 and Q22 respectively, the transistors Q21 
and Q22 constituting a current-mirror circuit. The inter 
connected emitters of the transistors Q19 and Q20 are 
connected to the collector of transistor Q13, the emitter 
of which is coupled to the power source voltage B. The 
transistors Q19 and Q20 have their bases connected to the 
cathodes of diodes D6 and D7 respectively, the anodes 
of the diodes D6 and D7 being connected together and 
to a current source comprising a diode or the like. A 
resistor R11 is connected between the emitters of transis 
tors Q23 and Q24, the emitters of which are grounded 
through current sources respectively. The transistor 
Q23 has its base connected to capacitor C1. Capacitor 
C2 is coupled to the inter-connected collectors of the 
transistors Q19 and Q21 and to the base of the transistor 
Q17 of the integrating circuit_3, thepcapacitor C2 being 
also connected to the output terminal 2. Transistor Q13 I 
is connected with diode D3 so as to constitute a current 
mirror circuit, and the connection is made such that the 
current i2 is supplied to the operational ampli?er A1. 
Variable current source circuit 7 is identical with that 
provided in the embodiment of FIG. 2, and therefore 
description of the construction thereof will be omitted. 

Description will now be made of the operation of the 
integrating circuit of the leapfrog ?lter shown in FIG. 
6, wherein V,- indicates input voltage; V0 represents 

I output voltage; and I1 and 1x denote bias current. Let it 
be assumed that signal component current is i,,; that 
current flowing through the resistor R10 is id; and that 
AC voltage V; applied to the bases of the transistors 
Q12 and Q15. Then, the following equation holds: _ 
ti ia= VI/RlO (5) 

Also let it be assumed that the difference between the 
base voltages of the transistors Q12 and Q13 is Va. The 
following relationship holds true: 

where 1,] and 1;; are saturation currents between the 
base and emitter of the transistors Q12 and Q13 which are 
equal to each other; and VTis thermal voltage. 
The following equations are derived from Equations 

.(6) and (7)= 

ln(I1+ia)/(I1 "ia)=ln(Ix+ia)/(Ix—ia) 

(I1+ia)/(I1 —ia)=(Ix+ 1a)/(1x_'i?) 

By rearranging the above expressions and putting 
Equation (5) therein, the signal current i0 is given as 
follows: 
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Output voltage V0 of the integrating circuit is given 

V0=Ix Vi/I] R10 SC (9) 

Thus, the following equation is derived from Equation 
(9)1 

Vo/Vi=Ix/l1-l/R|0-l/sC (10) 

From Equation (9), mutual conductance gm may be 
expressed as follows: 

gm=ai,,/aV,,=J,/l1-1/R|o (11) 

Then, the transfer function T(S) of the integrating cir 
cuit shown in FIG. 5 can be written as follows: 

where r: l/gm. 
It is apparent that the mutual conductance of the 

operational ampli?er A1 is such that r= l/gm, and that 
the transfer function T(S) of the integrator depends on 
the function of bias current I], I, and resistance R10. It 
will be seen that the integrating circuit changes the 
transfer function T(S) of the integrator by controlling 
the bias current 1,. _ 

Description will now be made of the secondary leap 
frog ?lter shown in FIG. 2 using the above-mentioned 
integrating circuit, by referring to the equivalent circuit 
of the secondary leapfrog ?lter shown in FIG. 6. 

Based on the equivalent circuit of FIG. 6, the follow 
ing equations hold: 

By using voltage quantities, these two equations can be 
rewritten as follows: 

V2: Tzz- V11 (15) 

The following equations are also obtained: 

From such expressions, it is possible to depict the signal 
diagram shown in FIG. 7. 
The admittance Y1 of coil L shown in the equivalent 

circuit diagram of FIG. 6 is given as follows: ' 

Since gm= l/r, Equation (16) can be rewritten as fol 
lows: : 

A(.}')= l/s L r 

By letting r: 1, Equation (16) is rewritten as follows: 

A(s)= 1/: L (17) 
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The impedance Z; of the equivalent circuit of FIG. 6 

is expressed in terms of transfer function B(s) as follows: 

m/: C (18) 
l + gm/s C 

l/(l + s Cr) 

B(s) 

II 

By letting r: 1, Equation (18) is rewritten as follows: 

B(s): l/(l +5 C) 

Thus, the total transfer function Tc(s) of the leapfrog 
?lter is given as follows: 

m) .09) 

A(s) and B(s) can be rewritten as follows: 

A(s) = 1/: L. [US L r] (20) 
B(:) = l/(l + s C’) (21) 

= 1/0 + 5 Cr) 

The transfer functions A(s) and B(s) can also be rewrit 
ten as follows: - 

A(s): l/sL=Q (00/: (22) 

By letting l/s C=mo/s Q, the transfer function B(s) of 
Z; is written as below. - 

B(s) l/(l + s C) (23) 

(00/5 Q)/(1 + was Q) II 

II 

Thus, by putting Equations (22) and (23) in Equation 
(19) it is possible to express the total transfer function 
T(s) as follows: 

T(S) (24) 

Description will next be made of the variable current 
source circuit 7 of the leapfrog ?lter shown in FIG. 2. 
Let it be assumed that r (r: l/gm) of the operational 

ampli?ers 3 and 5 constituting the integrators is r1 and 
r2 respectively, and that the capacitance of the capaci 
tors 4 and 6 is C] and C; respectively. The transfer 
function of each integrator is then expressed as follows: 

Further, by rearranging the above equations, the 
following expressions can be obtained: 

Q w,,= 1/: r1 C1 (25) 

wo/Q=1/'2 1'12 (26) 

Still further, the following equations hold true: 
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By rearranging the above expressions, it is possible to 
obtain the following equations: 

Thus, the quality factor Q can be sought from Equa 
tions (25) and (26) as mentioned below. By putting 
Equations (27) and (28) in the expression thus sought, 
the following equations are obtained: 

Consequently, the quality factor Q can be written as 
follows: 

Q=(C2i1/C1 mi (29) 

The center frequency (00 is sought from Equations 
(27) and (28). By putting Equations (27) and (28) in the 
resultant expression, the following expression is ob 
tained: 

Qwo-wo/Q = ‘902 =1/riC1'2C2 

= i1i2/C1C2 I12 Rzlo 

Consequently, the center frequency 0),, is expressed as 
follows: ' 

mo= 1/11 R;Q~(i\ i2/C1 c2)! (30) 

Let it be assumed that the factor Cz/Cl in Equation 
(29) is CK which is constant, and that the factor 1/11 
R10(C; C2)5 is C] which is also constant. The quality 
factor Q is given as follows: 

Q = [ck - 11/12? (31) 
= 616- (ii/i2)a 

we = C]- (it - i2)* (32) 

As will be seen from Equations (31) and (32), the 
relationship between the currents i1 and i2 is that of 
multiplication and division. Further, by making differ 
cut the bias currents i1 and i2 supplied to the operational 
ampli?ers A1 and A2 in terms of increasing rate as 
shown in FIG. 9, the ?lter characteristic can automati 
cally be made to be flat even though the center fre 
quency is changed as shown at (a), (b) and (c) in FIG. 5. 
More speci?cally, by making the increasing rate of the 
current i; supplied to the operational ampli?er A1 at the 

, signal input stage lower than the increasing rate of the 
current i; supplied to the operational ampli?er A2, it is 
possible to restrain the quality factor Q from being 
increased with an increase in the center frequency f0 in 
such a manner that the quality factor Q turns out to be 
substantially uniform. In this way, it is possible to pre 
vent in-band ripple from being increased due to varia 
tions in the in-band?lter characteristic as shown in the 
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‘frequency characteristics of FIG. 4, thereby achieving 
such a ?at frequency response as shown in FIG. 5. 
While in the foregoing embodiment, description has 

been made of the case of secondary low-pass ?lter, it is 
to be understood that even for an N-th order low-pass 
?lter, it is possible to achieve the same result by control 
ling currents ?owing in integrating circuits at the input 
and output stages on the basis of similar concept. 
As will be appreciated from the above discussion, the 

present invention provides a leapfrog ?lter comprising 
an active ?lter which is well adapted for fabrication in 
the form of semiconductor integrated circuit and in 
which the number of externally mounted components is 
reduced as compared with the conventional one; and 
the in-band pass band width of the ?lter can be varied 
by increasing or decreasing the sum of currents i1 and i2 
supplied to integrators constituting the present leapfrog 
?lter. A further advantage is such that occurrence of 
in-band ripple can be restrained by changing the in 
creasing rates of the currents i1 and i2. 
As discussed above, the present leapfrog ?lter can be 

formed by an active ?lter in the form of a semiconduc 
tor integrated circuit so that the number of externally 
mounted components can be reduced; thus, according 
to the present invention, there is provided an expensive, 
miniaturized active ?lter. 
While the present invention has been illustrated and 

described with respect to speci?c embodiments thereof, ~ 
it is to be understood that the present invention is by no 
means limited thereto but encompasses all changes and 
modi?cations which will become possible within the 
scope of the appended claims. 
We claim: 
1. A leapfrog ?lter comprising: 
a ?rst integrator made up of a ?rst operational ampli 

?er and a ?rst capacitor connected to an output 
terminal of said ?rst operational ampli?er; 

a second integrator made up of a second operational 
amplifier of a self negative feedback type and a 
second capacitor connected to an inverting input 
terminal and output terminal of said second opera-' 
tional ampli?er; 

said ?rst operational ampli?er having the output ter 
minal thereof connected to a non-inverting input 
terminal of said second operational ampli?er; 

said second operational ampli?er having the output 
terminal thereof connected to an inverting input 
terminal of said ?rst operational ampli?er; 

an input terminal connected to a non-inverting input 
terminal of said ?rst operational ampli?er; 

an output terminal connected to the inverting input 
terminal of said ?rst operational ampli?er and the 
output terminal of said second operational ampli 
?er; 

a variable current source circuit including a ?rst and i 
a second current source circuit for feeding bias 
currents of different increasing rates to said ?rst 
and second operational ampli?ers in such a manner 
that the increasing rate of the current supplied to 
the ?rst operational ampli?er is restrained with 
respect to the increasing rate of the current sup 
plied to the second operational ampli?er thereby 
restraining occurrence of in-band ripple so as to 
change pass band width of said ?lter. 
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